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The increased alkaline phosphatase (EC 3.1.3.1) activity of reconstituted lyophilized control sera has recently been the focus of considerable interest because of its possible implications for quality-control procedures.
We confirm that these reconstituted materials show a temperature-dependent increase in alkaline phosphatase activity, but could show no alteration in activity of fresh sera. The rate of increase in activity was unaffected by dialysis of the reconstituted material, and occurred more rapidly in dilute solutions. Studies with acrylamide gel electrophoresis and Sephadex G-200 gel filtration showed that, immediately after reconstitution, a high-molecularweight alkaline phosphatase component predominat- Human serum was obtained from patients known to have liver disease and in whom the serum alkaline phosphatase activity was moderately elevated (about twice the upper limit of normal). The specimens of blood were taken to the laboratory immediately after collection, allowed to clot at room temperature for 20 mm, and serum separated after 5-min centrifugation. The alkaline phosphatase activity of aliquots of the serum was measured immediately after separation, and after a further 2, 4, 6, 24, 48, and 72 h of storage under various conditions. In experiments in which the effect of lyophilization or freezing was investigated, several sera with moderately elevated alkaline phosphatase activity were pooled; the pool was divided into aliquots after measurement of the initial alkaline phosphatase activity.
The aliquots were either frozen at -20#{176}C or lyophilized.
Lyophilization of human serum. Aliquots of pooled human serum, 2 ml, were lyophilized by freezing the samples at -30#{176}C and drying slowly to a final vacuum of 0.005 mm Hg, the temperature never exceeding 15#{176}C. The sample tubes were thereafter sealed under ambient conditions. '-Sdoys---4 2 3
Results

Experimental Variables
Time Idoys) Fig. 3 . The effect of dialysis on alkaline phosphatase activity of reconstituted
Versatol-E The specimen was divided into two portions: one was dialyzed at +4#{176}c against 0.1 mol/liter Tris/HCI pH 7.4, and the other maintained at +4#{176}C but not dialyzed. After five days at +4#{176}C, dialysis was discontinued and both samples brought to 20 C (A, dialyzed sample;#{149}, undialyzed sample) #{149} Undiluted was compared with that of undiluted control material. It can be seen (Figure 4 ) that the highest dilution (1: 16) showed the greatest relative increase in alkaline phosphatase activity, and also the highest rate of increase.
The changes in the specimen diluted fourfold were intermediate between those in the specimen diluted 16-fold and those in the undiluted material.
Electrophoretic Studies
Individual vials from the same batch of Versatol-E were reconstituted at various intervals before electrophoresis on 7% polyacrylamide gel slabs. During the period before electrophoresis, which varied from 1 h to 5 days, the control material was stored at 20#{176}C. After electrophoresis, two zones of alkaline phosphatase activity were demonstrated in all specimens:
(1) A zone with mobility similar to that of human intestinal alkaline phosphatase (Band A). (2) A zone that remained at the origin of the gel, presumably because the high molecular weight of the material precluded its entry into the gel (Band B). Figure 5 shows that in freshly reconstituted control material the zone remaining at the origin (Band B) predominated, whereas the specimens stored at 20#{176}C for increasing periods showed a corresponding increase in the band that readily entered the gel (Band Time(days) Fig. 4 tol-E on polyacrylamide gel slabs, stained for alkaline phosphatase activity
The origin is at the lower end of the figure. The six samples on the left were samples of Versatol-E reconstituted five days, three days, one day, 6 h, 2 h, and immediately before electrophoresis; the band a short distance in front of the origin was inconstant and possibly an artefact. For comparison, the three samples on the right are of human serum-two normal sera and one with an abnormally high activity originating from the liver showed a third, faint band of staining for alkaline phosphatase activity in the pre-9-lipoprotein region.
Effect of Butanol Extraction
The addition of butanol, at 4#{176}C, to freshly reconstituted
Versatol-E and Versatol-E which had become reactivated after three days of storage at 20#{176}C had the following identical effects on both materials:
(1) A 5% final concentration of butanol caused a 10% decrease in alkaline phosphatase activity (after volume correction) of the mixture. At this concentration, butanol was soluble in the control material.
(2) Addition of one volume of butanol to five volumes of Versatol-E (the standard extraction procedure used in this investigation) caused a 20% increase (after volume correction) in the alkaline phosphatase activity of the mixture.
(3) The alkaline phosphatase activity of the aqueous (lower) phase of the mixture from (2) after centrifugation was 10% higher than that of the specimen immediately before extraction.
(This result was obtained after correction for a butanol content in the aqueous phase of 8.6%-determined by gas chromatography on "Porapak Q-S.") The same extract showed a 9% decrease in total protein content, a 50% decrease in aspartate transaminase (EC 2.6.1.1) activity, and an 80% decrease in lactate dehydrogenase (EC 1.1.1.27) activity.
(4) Electrophoresis of the butanol extracted fresh Versatol-E from (3) showed that all the alkaline phosphatase readily entered the gel (Band A), in contrast to the findings with the unextracted speci- that produced by the butanol present in any of the samples-had no effect on the observed alkaline phosphatase activity. Sephadex  G-200 was equilibrated  with Tris HC1 buffer (20 mmol/liter, pH 8.0) and a column (45 X 2.5 cm) prepared.
Gel-Filtration Studies
The column was placed in a cold room at 4#{176}C, and 1-mi aliquots of Versatol-E applied to it 1 h, 60 h, and 120 h after reconstitution-being stored at 20#{176}C before this gel filtration. After elution with the equilibrating buffer, measurements of A280 and alkaline phosphatase activity were made on the fractions obtained from the column (Figure 6 ). Immediately after reconstitution the majority of alkaline phosphatase activity appeared in the first peak coming off the column (Peak 1)-suggesting a molecular weight of 5 X 10 or greater. After five days of storage at 20#{176}C, however, most of the alkaline phosphatase activity was associated with a peak (Peak II) of lower molecular weight (about 2 X 10). Intermediate amounts of the two peaks were found in the material applied to the column 60 h after reconstitution (Table 1) .
Kinetic Studies
During the process of activation of reconstituted and II, either immediately after reconstitution or 120 h after reconstitution (Table 1) .
Discussion
The results presented here confirm previous re- It has been shown that prior dialysis may affect the rate of activation of urinary alkaline phosphatase (6), an effect that was attributed partly to the presence in urine of a dialyzable inhibitor of alkaline phosphatase and partly to the presence of a labile nondialyzable inhibitor. However, the rate of activation of reconstituted
Versatol-E was unaffected by dialysis, so it seems unlikely that either activation or inhibition of alkaline phosphatase by low-m6lecular-weight compounds is responsible for the changes observed. The greater rate of increase in enzyme activity of diluted control sera could be explained either (a) by the release of alkaline phosphatase from a complex containing the inactive or partially inactive enzyme or (b) by dilution of an inhibitor. The findings are less compatible with the reaggregation of inactive subunits of alkaline phosphatase.
The results of electrophoresis and Sephadex gel filtration demonstrate that immediately after reconstitution, alkaline phosphatase is present in a high-molecularweight form (Band B, Peak I) and that during activation increasing amounts of low molecular weight alkaline phosphatase (Band A, Peak II) become evident. As there is an overall increase in activity during this process, it seems likely that the high-molecular-weight alkaline phosphatase complex is less active enzymatically than the low-molecular-weight material, although the kinetic characteristics of the two types of material appear similar. 
